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and maltose concentration. We reasoned that in such a switch the conformational change in the MBP domain upon maltose binding would propagate to the active site of the BLA domain and alter its catalytic properties, a mechanism analogous to natural allosteric effects.
The fragment of the BLA gene coding for the mature protein was circularly permuted in a random fashion [20, 21] and subsequently randomly inserted [15] into a plasmid containing the E. coli malE gene that codes for MBP ( Figure 1A ). For the random circular permutation of bla , we fused the 5Ј and 3Ј ends by an oligonucleotide sequence that would result in a GSGGG flexible peptide linker between the original N and C termini of the protein. This linker was designed to be of sufficient length to connect the termini without perturbing BLA structure. Statistical analysis on the resulting library indicated that a minimum of 27,000 members contained a circularly permuted bla inserted into malE in the correct orientation with both fusion points in-frame with malE. Approximately 0.33% of these members were able to form colonies on rich media plates containing 200 g/ ml ampicillin and 50 mM maltose. These library members were screened in 96-well format for a maltose dependence on ␤-lactamase activity using a colorimetric assay for nitrocefin hydrolysis. We identified one protein (RG13; Figure 1B ) in which the initial velocity of nitrocefin hydrolysis (at 50 M nitrocefin) increased by 17-fold in the presence of maltose. In RG13, the BLA was circularly permuted in a loop that precedes a ␤ sheet that lines the active site of the enzyme. The circular-permuted BLA was inserted at the beginning of an ␣ helix of MBP such that two MBP residues were deleted ( Figure 1C) .
Using purified RG13, we confirmed that the increase in catalytic activity occurred only in the presence of sugars that are known to bind and induce a conformational change in MBP (Figure 2A ). Sugars known to induce a large conformational change [22] (maltose and maltotriose; 35Њ closure angle) produced a 15-to 20-fold increase in the rate of nitrocefin hydrolysis. ␤-cyclodextrin, which only induces a 10Њ hinge bending motion in MBP [24] , increased the rate 2-fold. Nonligands such as sucrose, lactose, and galactose had no effect. We next determined that the switching was reversible (i.e., upon removing maltose, the activity returns duced into RG13 strongly suggests that the relative or-
